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1.0 INTRODUCTION

This study is to determine the dependence of the auroral DMSP electron precipitation events upon the
geomagnetic Kp index. Using known values of Kp, this study determines the average number of
occurrences of auroral events of varying intensity. These auroral events are defined by an electron energy
flux (JEtot) that exceeds specified threshold values.

To study the relationship between the auroral DMSP electron precipitation events and the geomagnetic
Kbp index, the superposed epoch analysis technique was implemented. This approach was used by Nagai
in determining the relationship between several geomagnetic indices { Nagas, 1988). Epoch zero is the
time at which Kp values persisted above a specified threshold value for a specified duration. The zero
epochs are determined from the available data, and the Kp series are superposed over a time window
ranging from one day before the zero epoch to three days after. The superposed Kp series are then
averaged over all epochs. The same procedure is used to obtain the corresponding time series of electron
auroral events for comparison with the Kp index.

It is important to note that the results from this study cannot be used to locate these auroral events
spatially. Estimating the location of these events was done in a separate study on the same DMSP data
[Bounar and Hardy, 1992]. The present study can be used to estimate the auroral activity based on the
geomagnetic activity.

In the next section, we describe the approach taken in generating the data base over each hemispheric
pass. We then discuss the Kp index and the number of events as a function of the Kp threshold and Kp
persistence values. We end this report with some suggestions for further studies that can be very
beneficial in understanding the auroral activity temporal variations.

2.0 DATA BASE GENERATION

The data base was generated by processing the DMSP/F9 electron precipitation for the year 1990. The
satellite is in a circular polar orbit, in the 10:30 to 22:30 meridian, and at about 840 km altitude. The
electron measurements are binned into four electron flux ranges and the magnetic activity Kp value
stored for each hemispheric pass. The electron events considered are those with average energy
exceeding 1 KeV. The four energy flux bins correspond roughly to brightness levels of 2kR, 6kR, 20kR,
and 60kR. Note that the electron fluxes were recorded in KeV/(cm?-sec-ster) and are converted to kilo-
Rayleighs (kR) using a 3969 A spectral line emission [Figures 12-19, Chapter 12, Jursa, 1985].

In Figure 1, the Kp values observed in the first 30 days in 1990 and the corresponding electron events
are shown as a function of time in days. A quick examination of these curves reveals a definite
correlation between the geomagnetic index Kp and the number of electron events that are observed over
several hemispheric passes. A complete set of figures of the Kp values and the number of precipitating
electron events in 1990 is provided in Appendix A.
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3.0 APPROACH

Tor a given Kp threshold value (KTH) and a specified persistence time over this threshold (KPT), the
Jata base is scanned and the times at which these Kp conditions are satisfied are determined. These
times are taken as zero epochs. That is, the time at which Kp was above the threshold value KTH for
KPT hours is the zero epoch. Once an epoch is located, the scanning of the Kp data is resumed after
Kp values drop below the threshold value KTH. In this way, the instances when Kp persists above KTH
for over KPT hours will only be considered once. The Kp series are superposed over a time period
ranging from one day before the zero epoch to three days after. The superposed Kp series are then
averaged by the number of epochs. The same procedure is used to obtain the corresponding time series
of electron auroral events. Note that the samples from the data base are not available at uniform
intervals. Each sample represents one hemispheric pass in time; which spans about 51 minutes. This
means that there is on average one hemispheric pass per hour. In other words, there is one data sample
per hour. Sometimes data gaps occur so that no measurements are available for a few hours. In this
analysis, the original data samples per hemispheric pass were interpolated (when gaps occurred) or
averaged (when more than one sample is available) as necessary to obtain samples at every 1.2 hours.




4.0 DISCUSSION OF THE RESULTS

Some of the results are summarized in the Table 1. The columns 1 through 6 give Kp parameters ,
which are the Kp persistence in hours (PKT in column 1) above a specified Kp threshold value (KTH
in column 2), the Kp peak value (KPP in column 3) and its time of occurrence (KTP in column 4), the
rise time of Kp from the threshold value to the peak value (ART in column §), and the fall time from
the peak value to the threshold value (AFT in column 6). The remaining columns give information on
the maxima of the number of occurrences of electron evenis and their time of occurrence for a JEtot
threshold of 2 kR (#Ev and time in columns 7 and 8, respectively), for a JEtot threshold of 6 kR
(columns 9 and 10, respectively), for a JEtot threshold of 20 kR (columns 11 and 12, respectively), for
a JEtot threshold of 60 kR (columns 13 and 14, respectively).

Whenever a rise or a fall time is larger than the time window available, it is denoted by asterisks.
Whenever a time of occurrence is unreliable because of poor statistics, a question mark is appended to
its value. Note that a negative time for the occurrence of a peak means that it occurred before epoch
zero.

Table 1. Kp and Electron Events Characteristics
Kp Peak, Rise and Fall Times JEtot22 kR JEtot26 kR JEtot220 kR JEtot260 kR
<Ev> = 62.6 <Ev> = 22.8 <Ev> = 6.8 <Ev> = 2.8
PKT  KTH KPP KPT ART AFT #EV Time #Ev Time 23 Time #Ev Time
3 2.0 2.7 -1.2 2.4 wwwww 75.0 .0 24.7 0.0 7.1 69.67 2.9 42.07
3 2.5 3.3 -1.2 2.6 34.8 86.1 -1.2 31.0  -1.2 8.4 1.2 3.3 42.07
3 3.0 3.8 -1.2 2.4 16.8 97.5 -1.2 38.1  -1.2 10.2 .0 3.7 1.2
3 3.5 44 1.2 2.4 9.6 98.9 -1.2 43.3  -2.4 11.9 -1.2 3.6 10.87
3 4.0 4.9 -1.2 2.4 4.8 9.1 -1.2 48.4 -2.4 %1 2.4 4.4 6.07
3 4.5 5.5 -2.4 1.2 4.8 9.4 -1.2 48.5 -2.4 15.3  -1.2 4.9 2.4
3 5.0 5.9 -2.4 1.2 8.4 101.8 -1.2 46.7 -3.6 6.3  -2.4 6.0 1.2
4 2.0 2.9 2.4 4.8 wwens 77.2  -3.6 27.1 1.2 7.1 67.22 3.0 2.4
6 2.5 3.7 2.4 4.8 51.6 93.4 .0 3.7 -3.6 9.5 -1.2 3.5 42.07
é 3.0 4.1 -2.4 4.8 26.4 97.4 -3.6 40.9 -1.2 11.0 -2.4 3.7 -2.4
6 3.5 4.8 -2.4 4.8 14.4 98.4 -3.6 42.3  -6.0 12.2 -6.0 3.8 6.0?
é 4.0 5.2 -3.6 3.6 13.2 105.3 -3.6 47.8 -4.8 15.9 -6.0 4.6 1.2
[ 4.5 5.7 -3.6 3.6 8.4 106.6 -3.6 52.0 -1.2 17.0 -6.0 5.2 1.2
6 5.0 6.3 2.4 4.8 6.0 106.6 -4.8 55.1  -6.0 19.7 1.2 6.7 .0
9 2.0 3.1 -1.2 8.4 wutnw 79.0 -1.2 28.9 -1.2 7.8 3122 2.9 64.8?
9 2.5 3.9 -2.4 7.2 57.6 96.1 -2.4 39.0 -2.4 10.3 -3.6 3.5 43.27?
9 3.0 4.2 -3.6 6.0 28.8 98.2 -6.0 40.3  -3.6 10.9 -3.6 3.8 -4.8
9 3.5 5.0 -3.6 6.0 13.2 98.4 -6.0 43.8 -1.2 1.9 -4.8 3.9 2.4
9 4.0 5.4 -3.6 6.0 10.8 102.0 -6.0 53.1 -8.4 16.3 -8.4 4.7 1.2
9 4.5 6.1 3.6 6.0 10.8 t08.2 -7.2 58.5 -2.4 17.8  -1.2 5.5 -1.2
9 5.0 6.3 -4.8 4.8 7.2 107.7 -7.2 60.6 -3.6 18.7 -2.4 6.1 -1.2
12 2.0 3.3 -3.6 9.6 wwane 83.9 1.2 29.8 -4.8 8.1 12.0 3.1 58.8?
12 2.5 4,0 -6.0 7.2 64.8 96.5 -4.8 38.5 -6.0 9.4 -8.4 3.7 1.2
12 3.0 4.4 -6.0 7.2 30.0 97.9 -8.4 40.5 ~-7.2 11.3 -10.8 3.7 27.6?
12 3.5 5.1 -6.0 7.2 27.6 100.9 -1.2 51.6 -4.8 12.6 -1.2 5.0 1.2
12 4.0 5.7 -6.0 8.4 15.6 102.7 -4.8 57.6 -3.6 17.5 -3.6 4.8 -2.4
12 4.5 6.2 -7.2 7.2 120 113.6 -10.8 62.6 -6.0 16.6 -4.8 4.6 -6.0
12 5.0 6.8 -3.6 9.6 10.8 105.0 -10.8 64.7 -7.2 20.3  -4.8 6.0 -6.0




All the figures of Kp and the number of events are shown with respect to time away from epoch zero.
These values are shown uniformly in time at every 1.2 hours even though the processed DMSP data is
based on hemispheric passes that do not occur uniformally.

The results reveal certain properties: (1) The peak values in Kp and the number of events increase with
increasing Kp threshold values. (2) The spread or the width of the Kp values above the Kp threshold
value increases with increasing Kp threshold value. (3) The spread or the dispersion of the number of
events above the mean increases with increasing Kp thresholds, but stays unchanged with increasing Kp
persistence time. (4) The peak of the number of events tends to occur at the same time or a few hours
later than the Kp peak. (5) The peak of the number of events increases sharply when the Kp thresholds
are increased beyond the mean Kp value, and then levels off for Kp thresholds greater than the mean
Kp value plus 1.0.

4.1 Kp CHARACTERISTICS

We first discuss certain characteristics of the geomagnetic index Kp as the Kp threshold and persistence
time is varied. These conclusions are drawn from Figure 2, and are summarized in Table 1. For a Kp
threshold of 3.0, and a persistence time of at least 3 hours (Figure 2a), a negative bias in the Kp peak
of about 1.2 hours is observed. This bias increases in magnitude as the persistence time is increased.
When the persistence time is 12 hours, this bias is as much as 6.0 hours (Figure 2d).

The Kp peak values increase with increasing Kp thresholds. For a Kp threshold of 4.0, the Kp peak is
4.9 when the persistence time is 3.0, and is 5.4 when the persistence time is increased to 9 hours (Figures
2a and 2c). One reason for this increase is the fact that the more disturbed the geomagnetic activities,
the longer they persist.

The Kp rise time from the Kp threshold to the Kp peak value is generally smaller for higher Kp
thresholds. For a persistence time of 3 hours and a Kp threshold of 3.0, the rise time is 2.4 hours
(Figure 2a). When the threshold is increased to 5.0, the rise time drops to 1.2 hours. Furthermore, a
shorter Kp rise time generally leads to a shorter Kp fall time. The Kp fall time is the time it takes Kp
to drop from the peak value to the threshold value. For the same Kp persistence value, the fall time is
16.8 hours for a Kp threshold of 3.0, and is 8.4 hours for a Kp threshold of 5.0. Another important
feature of Kp is how the rise time and fall time relate. For a persistence time of 3 hours, the fall time
is at least twice as long as the rise time. This ratio drops to slightly above one when the persistence time
is increased.

4.2 ELECTRON EVENTS CHARACTERISTICS

The characteristics of the number of events as the Kp threshold and persistence time is varied are
discussed below. These conclusions are drawn from Table 1 and Figures 3 through 7. Consider first
events with JEtot exceeding 2 kR. The peak value of the number of events increases as the Kp threshold
increase. For a persistence time of 3 hours (Figure 3a), 98 events are observed for a Kp threshold of
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3 as opposed to 102 events for a Kp threshold of 5. The mean value of the number of events observed
over all hemispheric passes is 63 events. The peak of the number of events increases sharply when the
Kp thresholds are increased beyond the mean Kp value, and then levels off for Kp thresholds greater
than the mean Kp value plus 1.0. For a persistence time of 3 hours (Figure 3a) and for Kp threshold
values not exceeding Kp mean of 2.3, the peak value increased by about 11 events each time the Kp
threshold was increased by 1. For Kp thresholds greater than or equal to 3.0, the peak variation
increases by only 2 events for every Kp threshold increase of 1.

The fall time for the number of events is at least twice as long as the rise time. For instance, for a
persistence value of 3 hours (Figure 3a), and a Kp threshold of 5.0, the rise time is 13 hours and the fall
time is 32 hours. The change in this ratio is very small and hence negligible as the persistence time is
increased (see Figures 3b through 3d).

Figure 4 shows results of events with JEtot exceeding 6 kR. The peak value of the number of events
increases as the Kp threshold increases. For a persistence of 3 hours (Figure 4a), 38 events are observed
for a Kp threshold of 3 as opposed to 47 events for a Kp threshold of 5. The mean value of the number
of events observed over all hemispheric passes is 23 events.

The fall time for the number of events is at least twice as long as the rise time. For instance, for a
persistence value of 3 hours (Figure 4a), and a Kp threshold of 5.0, the rise time is 12 hours and the fall
time is 34 hours. The change in this ratio is very small and hence negligible as the persistence time is
increased (see Figures 4b through 4d). The rise time is generally about 34 day and the fall time varies
between 1.0 and 1.5 days.

The results of events with JEtot exceeding 20 kR are shown in Figure 5. For a persistence of 3 hours
(Figure 5a), 10 events are observed for a Kp threshold of 3 as opposed to 16 events for a Kp threshold
of 5. The mean value of the number of events observed over all hemispheric passes is about 7 events.

Figure 6 shows results of events with JEtot exceeding 60 kR. For a persistence of 3 hours (Figure 6a),
4 events are observed for a Kp threshold of 3 as opposed to 6 events for a Kp threshold of 5. The mean
value of the number of events observed over all hemispheric passes is 3 events.

4.3 COMPARISON OF Kp AND ELECTRON EVENTS

Figure 7 shows the Kp and the number of events for all five JEtot thresholds. The Kp threshold is
selected at 4.0 and Kp values stay above this Kp threshold for at least 3 hours. These figures show how
well correlated the number of events are with Kp. At about 1 day before epoch zero, Kp rises very
rapidly from a Kp value of 3.0 to a peak value near epoch zero, then the Kp values drop below the Kp
value of 3.0 in about 1 day. These same features are seen in the number of events, with a rapid rise then
a slow fall in the number of events. The rise time from the mean value to the peak value is about 1, day
and the fall time is about 1 day.

To measure the correlation between Kp and the number of events, the normalized correlation coefficient
is computed for Kp above the specified threshold value. The correlation coefficient is defined as the ratio
of the expected value of the product of Kp and the number of events to the product of their standard
deviations. Assuming stationarity in Kp and the auroral events, the time average is used instead of

14




8°22
(sjusAg T(v) uwvapy
G2 0°'¢ =<d)
(34 Sy =<dy]
2L 0y =<dy
£6 P gg =<dy
28T  : 0'g =<d)
TAT g2 =<dy
971 02 =<dy

I10J SaTIaS JO °‘qN

£
(sa11) oxaz yoody o}
auWIY], 90UI)SISIDJ

9 =<
(wr) 2oLy

0°€

WM 9 210371 1eys 1daoxe ‘(e)g Aundiq se dweg “(8)y aundyy

(s£ep) oxoz yoodyg wroay swuy,

-
X

.
. .
------------------------------- Lreeerrssstocavcesacctonvesannslongocaneae ts e s e e

m“N 0°'g m“.ﬂ 0’1 m“o o“o m.@l 01—

nAmW_
=<dy
=<dy
=¢dy
=¢dy
=¢dy
=¢dy

'., . .‘%_A»"«. \
N E:/.ﬁ«
\ K

O'IDOIDOIDO
NANM MY

:OD+XOU¥

ot A
R )
LA

. . . .
. » . .
13 L

0661 Ieax — 93I[[93esS 6J4/dSWA

£y1

AI}OV [eJoJany JO 90U9d}SISIDd

oT

(0 A

0¥

0¢

15




822
(syuaag [[v) uwvay
¥1 10 =<dy
¥2 gy =<¢dy
(94 % 0y =<dy
6C P g'e =<dy
06 : 0 =<4y
POT g2 =<4}
PIT 2 02 =<d)
J0) sSawIa8 Jo °‘qN

g

(sxg) oaxaz yoody 03
W], 90UIIBISIDJ

9 =<
AMuC LoLsr

W 9 2 1007[ 1ey) 3daoxd (q)g undi] se swesg *(Q)y ain3yy

(sfep) oxoyz yoody wroxy oauuyy],

0662 02 ST 071 m“o 0°0 G°0-— o.ﬂolﬁ
! 1 1 1 1 ! I
Poog=edy X : : . .

Sy =dy Vv

0y =dy O

W 9t =y X

NE

W.W\o.m =@M O rec
1/

..................... A T L .vm
........... 9%
........... 0661 HeSK I SIS B /dSG T B9

£31AT10V [eJ0aNY JO 90UISISII]

16




822
(syuaag Tre) uweop
21 P06 =<d)y
el P gy =<y
92 20y =<dy
(o3 2 P gg =cdy
Sk 1 0'g =<dy
28 1 g2 =<dy
00T : 0°2 =<dy
J0J S99 JO °‘qN
6

(saf) oxaz yoodyg o3
2WIL], 90UI)EIBIIJ

9 =<
AMHUG .rO.HH.HH

W1 9 2100 ey 1d2oxe ‘(0)¢ undyy se sweg *()y andyy

(sfLep) oxaz yoody wogy awuy,

i

0'g =¢dy
Gy =<dy
0y =<d)
g =¢dy
0c =<dy
¢'2 =¢dy
02

20D +XOH

...........................

. . .
N . . .
......................... sescactotsenassabosssssasatosarcsensctlangorrcanclocnconso o

0661 Ieax — 93I[193eS 64/dSWNA
£}1A1}0V [8I0dNY JO 90UI}SISIDJ

. . .
N . .
1] ?

0t ¢'2 02 mJ.ﬁ 01 m._“o o“o m.@l 01

0] §

6%

c9

17




W1 9 < 1007 ey 1dooxd ‘()¢ 2unB1g se aweg “(P)y 3ndyy

(sfep) oaxay yoody wrogy auary,
08 G2 02 61 07T 60 00 50— 07

=¢dy X
822 uMmW“ Mv
53UdA 9) UL =
(syusag Tre) uvey o S ®
=
9 2 0 =<dy =<
T gy =cdy = o
LTt 0b =<dy J '
L2 i ge =<dy \./I
S§  : 08 =<4y {/*V ]
T4 16¢ =<dy : : : .
g8 0@ =<dx LV... e U N
J0J SawI9g Jo ‘qN : .

cl
(sayy) oxaz yoodyg o3
aWy], F0UISISII

9 =¢ : :
(wr) soxge : i

.
. .
------------------------------- Leseanssreateonnsrsscostocsecsccctlocgueccscnstonncosea md

0661 JIeax — 9I3I[[2}eS mh\mwia
£)1A1)OV [eI0any JO 90UISISIDJ

0T

99

18




g8'9
(syudag T[8) uvol
12 10 =<d)
e P gy =<dy
19 0y =<dy
cg P g =<dy
90T : 0'¢ =<4}
9IT g2 =<4}
02T : 0'2 =<4y

I0J SaWag Jo °‘qN

£
(sayy) oasz yoodg o}
swy], 90UdY8ISIJ

02 =<
AmuG LOLyr

0t G2 0°'¢c mj.ﬁ 0T S0 o“o m.ﬁ_vl 01—

W 0z 2 1003[ s 3daoxs ‘(e)g undig se awes “(e)g Jn3id

(sep) ooz yYoody wrogy awiry,

VA
0°'s =¢dy
Sy =cdy
oy =<d)
¢c'g =¢dy
o'c
2
02

=<dy
=<d)
HAQM

OD+XO¥

SRR SRR SR R TN VWA A1 . —

R VY- ) QU EY (T IR 28 () (1
£}1AT}OY [eJoany JO 90U9}SISID]

19




W 07 < 101F[ 1oy 3dooxs ‘(q)¢ Ly se sweg *(qQ)§ By

(sep) oxoyz yoody woay awuif,
0 63 02 ST 0T S0 00 ¢0- 07~

_ . 2
0'¢ =¢dy X
T oon §\ o7 S 3
L¢] o'y =
(syuaag 11e) uwvop A 2 R
ay by 9% Sy A
¥1 P0G =dy . S =<
22 :g¥ =cdy i} 0% =<h O
6 : 0% =<dy : < :
6  :G'€ =<4y : :
18 08 =<dy : : .
26 g2 =y : : : : :
86 : 02 =<dX ... e ereenen
103 SaWIaS jJo ‘qN : : : :
9
(sa11) oaaz yoodg oy : :
SUIL], 2OUISISIDJ :
02 =<
(ga1) Loigr :

T OEEE HESE L SIS ES B/ dSiG  40
£}1AT}0V [BJI0INY JO 90UD)SISID]

20




g'9
(sjusayg (o) uvop
TT 106 =<dy
Gr D gp =<4y
L2 0y =<¢dy
8y PG =<dy
L9 :0°¢ =<dy
SL P g2 =¢dy
98 P02 =<4y
I0] S21I1a8 JO ‘qN

6

(s1q1) oaagz yoodyg o3
W], 20UIYBISII]

02 =<
(w21) Loigr

0 0Z 210131 ey ydsoxe

‘)¢ 21n31q s oweg -(3)g aundyy

(sfep) oxoz yoody wroxy awiiy,

o.ﬂm P.N 0'c mu omq m“o o._o m.@l

i
©0g =¢dy X
: Sy =dy ¢
ooy =dy O
T, 6e =dy X
(€ QE =¢dy F
”%. ¢z =<d1 A
.u/.\/w.m =d)y O

---------------------------

.
.
.
.
.
sasepecsacsssvse Vi
.
. »
. .
. .
.
. . .
. . .
. . .
. . .
. . .
. . .
. . .
. .
.
. . . .
. . . . .
sreebersnncesve Vesveossaon Lacsoenscens Sevgpecoven fevacsanos

0661 IB9X — 3jI{[93eS 64/dSNA
£}TATIOV [BJI0INY JO 90UD)SISIad

01—
(4

o

21




W1 0T 210331 318G} 1d0Xs ‘(p)g 2anB1g se sweg *(p)S N3y
(sfep) ouaoz yoody wroay awiry,
06 G2 02 ST 0T S0 00 S0- o.ﬁm....
i 1 1 | I 1 1 1
0°g =<dy X : :
T IR S
. o'y =
(syusag 1re) uwval m op —ody ¥
SR A
g : 06 =<dy :{. S2=
11 : g =<dy m/«/\om n"Anx O
02 0% =<d) /o
ge 6 =<dy : :
gs 0% =<dy ; :
g9 P g2 =<4y : : : ;
Y4 02 =<dy ... e e _
10} sotrag jo ‘qN . :
A
(safg) oxaz yoody o} : :
T Juy, 20uNEsIA] | :
02 =< i m
(wx) toigr : :
eeereeans .. e Ceeeeenns eeeeerens Feeenenn. Veepeennn. feenennn Jdoy

0661 Iedax — 93I[[93eS 64/dSNA
£}1ATI0Y [exoany JO 90UI)SISIa

22




W 09 2 10371 Ieyy 1dooxo ‘(B)g N1 se sweg *(8)9 aundyy

(sfep) oio7 yoody wroxy swirg,
0e G2 02 &1 071 S0 00 0= 01~

0s =¢dy X
82 v 2

(syuvag Tre) wvop g'g =<di X

% A
¥I 1 0g =qdy .. $Z =¢D
g2 g =<dy GRS 0
0¥ 0% =<dy N
¥6 g =<dy
c9 P 0°g =<4y
YLt gg =¢dy "
2Lt 02 =<dy
10J Saw13g jo ‘qN

€

(sag) oasz yoody o3
auIl], 20UlBISIDJ

09 =<
Amuﬂv __.ou.m:.

BT L) QN U 7
£}ATIOV [eJ0aNY JO 90U9)SISIDd




Wi 09 2 100 1oy 1daox? (q) undyy se awes *(Q)9 Ny

(sfep) oaayz yoodsy uroxy swurf,
0 62 02 6T 0T G0 00 S0- 07T~

I J 0
0 =¢dy X
S om0 &
(syuaag Tru) wvop op cedy X%
0'E =¢dy <+
11 06 =<y .. 2= A b e
61 S vy =<dy .
e 0% =<dX
4% P gg =¢d)
96 1 0°g =<d)
89 P g2 =<dy
£9 2 02 =<dy

10} sawas jo ‘qN

9
(sag) oxaz yoodyg o3
2W], IOUIBISIdJ

09 =<
(wpr) Loige

.

S o, o e S S Lo 1
0661 TeoX L BV eS B/ dSHa T 8
£}TAT}OV [eJ0INY JO 90U9SISII]

24




Y 09 2 10¥[ 1ey) 1d30xe ‘(9)¢ 2ImBig se sweg *(2)9 Ly

(s£ep) oaxayz yoodyg woay awuiy,
0’6 G'2 02 ST 071 S0 00 S0-0T-
_ 1 ! ! ! m 0

f
8°2
(sjusag 1[v) weal
8 2 0°6 =<4
91 P gy =¢d)y
g2 0P =<dx
LE : gg =<dy
2s 2 0'g =<d)
19 2 g2 =<dy
c9 2 0°2 =<4y

(sxy) oxaz yoody o3
Jwy], 90UINSISIdJ

09 =<
(1) Loigr

. . .
. . . .
.

........... U066 T XeSk IUSIHISNES B/ dSNG T
£11AT}OV JeJoany JO 20Ud}SISIad

25




9°2
(sjuaag Tre) uvopn
L 0'¢ =<dy
11 P o'y =<4y
4 P 0y =<dy
62 P g'g =<dy
oy P 0 =<d)
»S P g =<dy
8% P02 =<dy

al
(say) oaaz yoody o}
U], 20UINSISIdJ

09 =<
(w) Lorgyp

W1 09 < 103f Jeys 3daoxa ‘(p)¢ aun3iyg se sweg *(p)9 undyy

(sAep) oaoz yoody waouay swuif

-

0°g =<dy
Sy =cdy
oy =<dy
e =<dy
0'c =<dy
g2 =<dy
0'e

-OD+XOA¥

. . : . .
' t L]

.
.
et e s s seatewsntacssremeraan e Lecevecane Veoonsoseatlocossccnctloesporacestasencnns -

0661 IeaX — 3I[[23eS 64/dSHA
£31A110V [eJ0any JO 90UI}SISId]

0°¢€ n“N 0 m“ﬁ c“a m“o o“o m.@! 01—

0




£e
(d) 1r1e) uesl
9'29
(‘ea" 11e) uesy

£
YIPIA "qyws

0996°
*J90) 110D

1£2
syoodyg

0°¢
(sag) auuyy,
aoua)sisrag dy
0’y
PIoysaxyy dy
¢ =<
(3=1) Lolgr

~
g

06 G 0 ST 0T S0 00 S0—- 071
0°2[ ay pomyoomg .——--- P _ : :
. sjyuaay 4 . : :
*9AF pIYjoouls : : :
g l\lllllu\\#ll|<lljﬁ\\ﬁvllhul . " “
0O'er------- e . LS LAY 50 S S ............
OFh- e b Ceeneaenes Ceeneaeas <. . ........ Ceaeiaaas ]
‘“\
O'Cl--overteeeeees e s AR AR S FN 7 R Peeeveenn -
D°QL e tereenaes feeeeeenes Veerenenan Teeeiaans Teevaeane g

*SIN0Y ¢ Jo awn oud)sisiad
dy ® pue (p JO pjoysauyl dy e Joj st aundy siql, -dy payloows jutod-¢ 3y ST dull paysep Y], “(+) suBis snid 4q parousp sejdwes 3y jo
so8elaae Jutod-¢ oY) Ae YOIYM SIUIAI JO J3QUINU P3YI00WS 3y S1 aul| prjos Y], ‘smoy z'1 Jo aer Juijdwes e Yam sAep p JO MOPUIM W) € JIAO
W Z 01 [enba 10 ueyy 131e218 (Jo1g[) saxny A313ud 10§ ssed susydsiuay 19d HUIAS JO 13qUINU Y YIw xopul dY] Jo uosuedwo) “(e)L aandyy

(sfep) yoody wroay awury,

0661 J8vdx — 31I[3I8S 64 /dSNA
£3TA1}OV [eloany JO 20U}SISI9g

8¢

89
=
S S
1
/)]

88

86




‘

¥ 9 Jo pjoysauy) xng A313ud ue 10§ 1nq ‘(B)L 2an314 se sweg *(q)L ndyy

(sfep) yoodyg wroay auir],
0E G¢ 0% m T OT G0 00 S0—- 0T71-
Gz 0'c dy peq)o0Wg mnn-- . : _ T _ o} §
(d) 1re) uvap ‘9Ag vdewMMMIl.TI
8°22 “

(‘243 11e) ueaK
e 0°¢€

YIPIA "PUas

£626°

*J@0) *1I10)

(4
syoody

0'¢
(say) auury,
douasistag dy
0¥y .
proysaayqy dy 0°¢
=<
(321) ._.o.—.mh.

0y

dy

0°9 cS

ommﬁ .uﬁ@% - ca—Zoaam mh\mmsn
£}TAT}OV [8JOINY JO 20UI)SISIVJ




¥ 0Z 3o ploysaIyy xnpg A313u3 ue 10j INQ ‘(v), 2InB1g se sweg *(d)L aundiy

(sfep) yoody woay aswir],
06 g8 0% ST 07T 60 00 S0 01~

13 O.N QM vvﬂwﬂw“”miu._uu--
(d) 1re) weap 9Ag voﬂoo&mll
8'9 : :
(‘eag 1re) ueap
€
TNPIMA "roag
c0698°

*Joo) ‘1I0)

19
syoody

0'¢
(s1g) auuyy,
adua)sisaag dy
0y
proysarq] dy
02 =<
EM:SE.

0°'9 ... . e w ......... e, e, S e, |
0661 J83x — 9I1M123eS 64 /dSNA o1
£}1AT}OV [8I0INY JO 20UI)SISII]

29




¥ 09 JO ploysaiyy xn £315ud ue Joj INq ‘(e), 21ndr] se aweg “(p)L undyy

0°'€

02
8°2
(d) 1r1e) uesy
8°'c
(‘9ad Tre) uesn
o 0°€
YIPIM "ywug

£gLe’
*J20) "110)

oy
syoody

0°¢
(sayg) awury,
douad)sistag dy
0’y
proysaxyy dy
09 =<
(¥31) Loige

0°G

0°9

(sfep) yoody woay awiy]

G'd 0c G171 o_.a G0 00 m.@l

dy payjoomg .----- :

sjyuaayg 4
‘AT POYI00OWS —r

0661 Je3)x — 9I[338S 64/dSNA
£}TATIOV [BI0INY JO 90UI}SISII

01—

0




ensemble average in estimating these quantities.

From the figures, the correlation coefficient is about 0.98 for events with JEtot greater than or equal to
2 kR and 6 kR (Figures 7a and 7d), and drops to about 0.89 for JEtot > 20 kR (Figure 7c). The results
in Figure 7d are not reliable because of insufficient data samples. A correlation coefficient of 0.7 to 1.0
shows that the two time series are highly dependent. Hence, we can assert with certitude that the
geomagnetic activity as represented by the Kp index and the auroral activity as measured by the
precipitating electron events are highly correlated indeed.

5.0 CONCLUSION AND FUTURE STUDIES

The observation of enhanced Kp is generally indicative of increased number of bright arcs. The increase
in the auroral activity of precipitating electrons is significant for only a limited time period. During this
time , a high correlation between enhanced Kp and the number of bright arcs can be achieved. The
waiting time to increase the chance of observing bright auroral arcs after enhanced Kp values are
observed should be between 3 to 6 hours. Further, the substantial increase in the number of observations
of intense events as a result of enhanced Kp lingers a maximum of 36 to 48 hours. After this time
period, this number drops to the average number of random observations. In conclusion, the nearer the
observation can be made to the time of elevated Kp, the better the chances for observing arcs.

This study also shows that increasing the persistence time of high Kp values above a certain threshold
does not improve the likelihood of occurrence of intense auroral events. That is, the persistence or
lingering of the enhanced geomagnetic activity (as seen in Kp values) does not mean that the probability
of observing bright arcs is increased.

Future studies that can provide additional understanding of the auroral activity events can be readily
accomplished using the existing data base. Two studies can be implemented using the present data base,
which would certainly reveal important features in the electron auroral events that the present study did
not cover.

One study would carry out a superposed epoch analysis on the number of electron events as a function
of specified thresholds of the number of events and how long they persist above the threshold values.
This differs from the present study in which the epochs are obtained based on the Kp threshold values
and their persistence duration above these thresholds.

Another study would carry out a superposed epoch analysis on the probability of occurrence of electron
events as a function of specified thresholds of the number of events and how long they persist above the
threshold values. For each hemispheric pass, the occurrence of an event will be indicated by 1 and no
occurrence by 0. This study would then yield an averaged probability distribution of occurrence of events
around the zero epoch. A probability distribution of the auroral electron activity as a function of time
can be a valuable tool in estimating the persistence of auroral events.
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APPENDIX A. GEOMAGNETIC Kp INDEX AND AURORAL EVENTS
The geomagnetic Kp index and the number of auroral events with energy fluxes greater or equal to 2kR

observed in each hemispheric pass. The data are based on the DMSP/F9 flux measurements in 1990.
These curves are shown versus day number.
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